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(57) Abstract 

A method of and an apparatus for decreasing attack of 
detrimental components of solid particle suspensions on heat 
transfer surfaces in heat transfer chambers in ftuidtzed bed 
reactors. According to the invention there is provided a dilution 
chamber (16), with a bed of solid particles (16') circulating in the 
system therein. The dilution chamber is disposed in the particle 
flow upstream of the heat transfer chamber (18) for inactivating 
impurities, detrimental to heat transfer surfaces (46), in said solid 
particle flow and/or for separating impurities therefrom. Solid 
particles are discharged from the reactor chamber into the heat 
transfer chamber via the dilution chamber, for cleaning the solid 
flow from detrimental components. 
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METHOD OF AND APPARATUS FOR DECREASING ATTACK OF 
DETRIMENTAL COMPONENTS OF SOLID PARTICLE SUSPENSIONS ON 
HEAT TRANSFER SURFACES 

FIELD OF THE INVENTION 

The present invention relates to a method of and an 
apparatus for decreasing attack of detrimental components 
5 of solid particle suspensions on heat transfer surfaces 
particularly in heat transfer chambers in fluidized bed 
reactors . 

The present invention is particularly applicable for 
10 recovering heat from solid particles in circulating 
fluidized bed reactors, but can also be applied to other 
fluidized bed reactors. Such circulating fluidized bed 
reactors comprise a reactor or processing chamber, such as 
a combustion chamber, having a fluidized bed of solid 
15 particles therein, and a heat transfer chamber (HTC) , being 
in solid particle communication with the processing chamber 
and having heat transfer surfaces disposed therein. The 
heat transfer chamber may be connected in various ways and 
various locations to the processing chamber so that there 
20 is solid particle exchange between the chambers. The heat 
transfer chamber may in some special case even be formed 
within the processing chamber itself. 

BACKGROUND OF THE INVENTION 

25 

Fluidized bed reactors, such as circulating fluidized bed 
reactors, are used in a variety of different combustion, 
heat transfer, chemical and metallurgical processes. 
Typically heat, originating from combustion or other 
30- exothermic processes, is recovered from the solid particles 
of the fluidized bed by using heat transfer surfaces. Heat 
transfer surfaces conduct the recovered heat to a medium, 
such as water or steam, which transfers the heat from the 
reactor. 
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The heat transfer surfaces are typically located in the 
processing chamber or within a convection section arranged 
in the gas pass after the processing chamber or, in 
circulating fluidized bed reactors, within a particle 
5 separator. Additional heat transfer surfaces are often 
arranged in a separate heat transfer chamber (HTC) , which 
may be a part of the processing chamber, a separate chamber 
adjacent to the processing chamber or, in circulating 
fluidized bed reactors, part of the solid particles 
10 recycling system. 

A HTC is typically a bubbling fluidized bed, which 
comprises inlet means for introducing a continuous flow of 
hot solid particles from the processing chamber into the 
15 HTC, heat transfer surfaces, and outlet means for 
continuously recycling solid particles discharged from the 
HTC into the processing chamber. 



Corrosion is a factor which must always be taken into 
20 account when designing heat transfer surfaces. It is 
especially important when the heat transfer surfaces are in 
a fluidized bed reactor utilized in processes which use or 
produce corrosive materials. An example of such is burning 
difficult fuels, such as straw or RDF, which contain highly 
25 corrosive impurities, e.g. chlorides. Corrosive impurities 
are then also present in the fluidized bed material, and 
thus come into contact with the heat transfer surfaces in 
a HTC, leading to rapid corrosion of said surfaces. For 
example, chlorine in the bed material may cause chloride 
30 corrosion on the heat transfer surfaces. 



Corrosion problems are especially severe when the 
temperature in a HTC is high, e.g. due to afterburning, 
~ which may easily take place when the HTC is directly 
35 connected to the furnace. Afterburning or other chemical 
processes in a HTC can also lead to a reducing atmosphere, 
where CO- corrosion easily takes place. Reducing conditions 
together with chloride deposits are especially susceptible 
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to increased corrosion attack. 

Corrosion and erosion based wastage of metals is an 
essential problem in all bubbling fluidized beds, and many 
5 efforts have been made to minimize it. Normal remedies 
against corrosion are changes in the metal surfaces and 
their temperatures. Surface treatments, such as chromising, 
nitriding, or coating with tungsten carbide are in some 
cases effective. Because all corrosion mechanisms are 
10 temperature dependent, corrosion of the heat transfer 
surfaces can to some extent be avoided by locating the 
surfaces at appropriate positions in the system. 

However, surface treatments are not always feasible, as 
15 conditions and temperatures may vary at different locations 
and stages of the processes- Also, when choosing operating 
temperatures, the corrosive impurities present in each 
specific system have to be taken into account. These 
impurities may vary when using different parameters, such 
20 as different fuels, in the process. Therefore procedures to 
minimize the risk of corrosion by reducing the 
concentrations of the actual corrosive impurities are 
highly wanted. 

25 OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a 
method and apparatus for heat transfer in fluidized bed 
reactors in which the above mentioned drawbacks due to 
30 attack of detrimental components of solid particle 
suspensions on heat transfer surfaces in external heat 
transfer chambers have been minimized. 

- It is- particularly an object of the present invention to 
35 provide a method and apparatus for recovering heat from 
fluidized bed reactors in which the risk of impurities - 
based corrosion has been minimized. 
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SUMMARY OF THE INVENTION 

The present invention provides an improved method of and 
apparatus for decreasing attack of detrimental components 
5 of solid particle suspensions on heat transfer surfaces of 
heat transfer chambers in fluidized bed reactors. The 
invention is particularly applicable in fluidized bed 
reactors comprising: 

- a reactor chamber, such as a processing chamber or a 
10 combustion chamber, having a bed of solid particles 

therein, means for fluidizing said bed of solid particles, 
a reactor chamber outlet and a reactor chamber inlet, and 

- a heat transfer chamber having a bed of solid particles 
therein, means for fluidizing said bed of particles, heat 

15 transfer surfaces at least partly in contact with said bed 
of solid particles, a heat transfer chamber inlet connected 
to said reactor chamber outlet and a heat transfer chamber 
outlet for solid particles connected to the reactor chamber 
inlet. 

20 

According to a preferred embodiment of the invention the 
new method comprises the steps of: 

- discharging solid particles from said reactor chamber 
through said reactor chamber outlet; 

25 - introducing said discharged solid particles into a 
dilution chamber, having a bed of solid particles therein; 

- inactivating in and/or separating from the bed of solid 
particles in said dilution chamber, impurities detrimental 
to heat transfer surfaces; 

30 - discharging solid particles from said dilution chamber 
through a dilution chamber outlet therein; 

- introducing solid particles discharged from said dilution 
chamber into said heat transfer chamber through said heat 

~ transfer chamber inlet; 
35 - discharging said solid particles from said heat transfer 
chamber through said heat transfer chamber outlet and 

recycling solid particles discharged from said heat 
transfer chamber to said reactor chamber through said 
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reactor chamber inlet. 

Thereby detrimental components, such as corrosion- inducing 
components, are separated from the solid particle 
5 suspension being forwarded through the dilution chamber 
and/or are inactivated while flowing therethrough. 
Detrimental gaseous or fine solid particle components may 
easily be separated by flushing off with a flushing gas, 
which flushing gas may simultaneously be used to fluidize 

10 the bed of solid particles in the dilution chamber. The 
flushing gas may be an inert gas or a gas inducing a 
chemical reaction in the bed of solid particles. Thus air 
or other oxygen- containing gas may be used to induce 
oxidizing reactions. The delay time needed for flushing off 

15 or chemical reactions in the dilution chamber may be 
controlled for optimal results. The delay time may be 
regulated by e.g. controlling the bed density, solid 
particle flow velocity or the bed volume in the dilution 
chamber. 

20 

According to another aspect of the present invention there 
is provided in the fluidized bed reactor, having a reactor 
chamber and a heat transfer chamber, additionally a 
dilution chamber, having 
25 - a bed of solid particles therein, 

- means for inactivating impurities, detrimental to heat 
transfer surfaces, in said bed of solid particles in the 
dilution chamber, and/or separating impurities therefrom; 

- a dilution chamber inlet, in fluid communication with 
30 said reactor chamber outlet for introducing solid particles 

from the reactor chamber to said dilution chamber, and 

- a dilution chamber outlet, in fluid communication with 
said heat transfer chamber inlet, for introducing solid 

- particles from said dilution chamber to said heat transfer 
35 chamber. 

The dilution chamber may be disposed horizontally adjacent 
the heat transfer chamber, if desired, even in a common 
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housing therewith- Thereby solid particles may be arranged 
to flow by overflow from the dilution chamber to the heat 
transfer chamber or through an intermediate transport 
chamber. The dilution chamber may according to another 
5 embodiment of the invention be disposed directly above the 
heat transfer chamber. Thereby the dilution chamber may 
have openings which allow solid particles to flow downward 
through the openings into the heat transfer chamber. The 
dilution chamber and the heat transfer chamber may thereby 
10 have substantially similar horizontal cross sections and be 
disposed in a common housing. 

It is according to a further aspect of the present 
invention provided an improved method for recovering heat 
15 from solid particles in a fluidized bed reactor, utilizing 
a heat transfer chamber (HTC) , comprising the steps of: 

- continuously introducing hot solid particles from the 
processing chamber into the HTC, and continuously 
discharging said solid particles from the HTC into the 

20 processing chamber 

- recovering heat from said solid particles in the HTC by 
heat transfer surfaces 

- delaying the transfer of said solid particles from the 
outlet of the processing chamber to the inlet of the 

25 region of the heat transfer surfaces by at least 2 seconds . 

Also according to the present invention an improved 
apparatus is provided for recovering heat from solid 
particles in a fluidized bed reactor, utilizing a HTC, said 
3 0 apparatus compr is ing : 

- means for continuously introducing solid particles from 
the processing chamber into the HTC, and continuously 
discharging said solid particles from the HTC into the 

- processing chamber 
35 - heat transfer surfaces for recovering heat from said 
solid particles and means for transporting the recovered 
heat from the HTC 

- means for delaying the transfer of said solid particles 
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from the outlet of the processing chamber to the inlet to 
the area of the heat transfer surfaces by at least 2 
seconds . 

5 According to the invention, the delay of the transfer of 
solid particles may be done by a separate chamber, a so 
called dilution chamber, through which said solid particles 
are transferred to the HTC. 

10 The desired delay may also be provided by a special 
structure in the HTC, which structure generally slows down 
the solid particles and provides a substantially uniform 
flow of solids into the heat transfer surface area. For 
example, a HTC may be divided to a first part and a second 

15 part by a horizontal or vertical perforated plate, which is 
located so that the heat transfer surfaces are in the 
second part. The first part would then function as an 
intermediate storage, here called a dilution chamber or 
dilution zone, where the solids stay for some seconds, 

20 before they enter the actual heat transfer zone. The 
dilution chambers and dilution zones may also be called 
with a common phrase 'dilution space 1 . 

The main purpose of said dilution space is to promote the 
25 removal of harmful impurities, i.e. corrosion- inducing 
components, from said solids. Therefore said dilution space 
is preferably flushed with fluidizing gas to enhance 
chemical reactions of said impurities and/or to flush off, 
i.e. remove, said impurities and their reaction products. 
30 The dilution may in most cases have the function of 
lowering the temperature, but if exothermic reactions take 
place, such as afterburning, in the dilution chamber, then 
temperature may rise. 

35 The flushing gas, which may simultaneously be a fluidizing 
gas, may according to an preferred embodiment be air or 
some other oxygen- containing gas, because then e.g. carbon 
monoxide and elementary sulfur can be oxidized to carbon 
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dioxide and sulfur dioxide, respectively, which can be 
flushed away as gaseous substances from the fluidized bed 
material. The flushing gas may, if desired, be an inert 
gas * 

5 

Volatile chloride compounds, such as NaCl, HC1, KC1 or 
ZnCl 2 / and alkalies may be removed from the bed material 
by flushing gas. with sufficient delay time desired 
chemical reactions and flushing can be almost complete. 

10 

The required delay time depends on the processes in the 
processing chamber. The dilution space shall be dimensioned 
such that the delay time is sufficient, e.g. from 2 to 15 
seconds. If, in a steady state condition, the volume of 
15 solid particles in the dilution space is V, and the solid 
particles have density r and mass flow rate Q m , the 
(average) delay time T of the solid particles in the 
dilution space is 

20 T «= V * r / Q m 

The density of solid particles in the dilution space 
depends, to some extent, on the fluidizing gas flow 
velocity. By lowering the fluidizing gas flow velocity, the 

25 density of the solid particles can be increased, and by 
that the delay time T is, according to the formula above, 
made longer. However, simultaneously the effects of the 
fluidizing gas in enhancing the chemical reactions of the 
harmful impurities and in flushing the reaction products 

30 from the solids are decreased. Therefore, decreasing the 
fluidizing gas flow velocity may not as such provide an 
effective means to control the operation of a dilution 
space . 

35 In order to maintain appropriate chemical reactions and 
flushing conditions in an upwardly flowing bed of 
particles, while simultaneously increasing bed density, 
f luidization may be decreased in the lower parts of the bed 
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only and maintained at a normal velocity in the upper parts 
of the bed. The fluidization in the upper parts may be 
achieved with nozzles disposed in the walls at high 
vertical levels or with nozzles reaching high up above the 
5 grid. 

Assuming that the density of the solid particles in a 
dilution space is constant, the delay time depends only on 
the mass flow rate Q m and the steady state volume V of the 

10 solid particles therein. In steady state conditions the 
mass flow rate into the dilution space equals to the mass 
flow rate out from there. If the construction of the 
dilution space is such that said volume V is constant, the 
flow velocity Q m into the dilution space alone determines 

15 the delay time T. 

A dilution space, from where the fluidized bed material is 
discharged by flowing over a weir, is an example of a 
construction with constant volume V. If, for example, a HTC 

20 with such a dilution space is part of the recycling system 
of a circulating fluidized bed, the circulation rate of 
the system determines the mass flow rate Q m and the delay 
time T. Such a construction can be satisfactory, when it is 
dimensioned such that with the highest flow velocity Q m the 

25 delay time T is still sufficient. In conditions of lower 
mass flow rate Q m , the delay time T becomes longer, and 
thus provides better dilution of the harmful impurities. 

The delay time T in a dilution space is constant, if the 
30 output flow velocity and the volume of solids therein, and 
their density, are constant. One way to have the volume of 
solids in a dilution space constant, at its maximum, is to 
have the output mass flow rate lower than the available 
- input mass flow rate, and return surplus solids directly 
35 into the reactor chamber. 

A constant delay time can be provided by keeping the bed 
density and the output flow rate constant e.g. by 
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fluidizing gases. If, correspondingly, the output flow rate 
is made controllable, a dilution space with adjustable 
delay time is provided . 

5 A controllable delay time may be useful when the process 
parameters, such as the fuel of a combustor, are varying. 
As a drawback this kind of systems have a connection 
between the delay time and the heat transfer rate in the 
HTC. 

10 

The function of a classifying chamber can also be added to 
a dilution chamber, the classifying chamber letting in to 
a heat transfer zone only solid material which material has 
the grain size below a certain limit. The classifying can 
15 be done with a mechanical separator or by fluidizing gas. 
A chamber which is used as a classifier must be provided 
with a separate discharge channel for coarse material. 

BRIEF DESCRIPTION OP THE DRAWINGS 

20 

The above and other objects, features and advantages of the 
present invention will become apparent from the following 
description, reference being made to the accompanying 
drawings, in which: 

25 

FIG. 1 is a schematic cross sectional view of a 

circulating f luidized bed reactor including a 
dilution chamber according to the present 
invention; 

30 FIG. 2 is a schematic cross sectional view of the lower 

part of a fluidized bed reactor including a 
dilution chamber according to another exemplary 
embodiment of the present invention, and 
- FIGS;* 3 and 4 are schematic cross sectional views of 
35 further fluidized bed reactors including dilution chambers 
according to other exemplary embodiments of the present 
invention. 
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Referring now to the figures, the same reference numerals 
as in FIG. 1 will designate the same parts in FIGS. 2 to 4. 
5 Reference numerals in FIG. 2, however, being preceded by 
"2" and reference numerals in FIGS. 3 and 4 being preceded 
by "3" or "4" correspondingly. 

The method and apparatus of the present invention will 
10 first be described in connection with a circulating 
fluidized bed reactor 10, having a reactor chamber 12, a 
particle separator 14, a dilution chamber 16 and a heat 
transfer chamber 18. The dilution chamber 16 and the heat 
transfer chamber 18 are formed in a common housing 19. 

15 

A fluidized bed of solid particles 20 is provided in the 
reactor chamber 12. Means for introducing fluidizing gas, 
such as a grid 22 and a windbox 24 is provided in the 
bottom part of the reactor chamber, for fast fluidization 

20 of the bed 20. A reactor gas outlet 26 is provided in the 
uppermost part of the reactor chamber 12, for discharging 
solid particles entrained in flue gas from the reactor 
chamber. Solid particles are separated from the gas in the 
particle separator 14 and gas is discharged through a gas 

25 outlet 28 and convection section 30. Solid particles 
separated from the gas are transported downward through a 
return duct 32 and through a dilution chamber inlet 34 into 
the lower part of the dilution chamber 16. Solid particles 
gather as a downward flowing particle bed 32' in the 

30 lowermost part of the return duct 32. Particles introduced 
into the bed 16* of solid particles in the dilution chamber 
16 are transported upwardly through the bed by fluidizing 
gas introduced through a grid 36 in the bottom of the 
- dilution chamber. The fluidizing gas simultaneously 

35 provides a flushing gas for removing detrimental components 
from the bed of solid particles. The fluidizing gas may 
also be used to control the bed density. Increased density 
increases the delay time of solid particles in the dilution 
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chamber. 

The dilution chamber 16 and the heat transfer chamber 18 
are separated from each other by a partition wall 38, 
preventing solid particles from flowing freely from one 
chamber to the other. A free passage 40, forming a dilution 
chamber outlet, is provided above the partition wall 
allowing solid particles to be discharged by overflow from 
the dilution chamber 16. Gas is also discharged from the 
dilution chamber through the passage 40. 

In steady state conditions material is discharged from the 
dilution chamber 16 through passage 40 at the same rate as 
material enters therein. While the material is in the 
dilution chamber, it is flushed with gas, provided through 
the grid 36. The solid particles in the dilution chamber 16 
and in the bottom part of the return duct 32 act as a gas 
seal between the lower part of the particle separator and 
the reactor chamber. 

The vertical level of the upper end or rim of the partition 
wall 38 may be made higher or lower, thereby controlling 
the level of the passage 40 and the bed volume in the 
dilution chamber 16. Larger bed volumes provide longer 
delay times than smaller bed volumes. 

Solid particles being discharged from the dilution chamber 
have been "cleaned" from detrimental components by flushing 
and possible inactivation of active detrimental components. 
30 Thus cleaned particles flow into an intermediate transport 
chamber 42 disposed between the dilution chamber 16 and the 
heat transfer chamber 18. Solid particles descend downward 
in the transport chamber 42 toward an opening 44 in the 
- lower- part thereof, said opening being in communication 
35 with the heat transfer chamber 18. The opening 44 forms an 
inlet to the lower part of the heat transfer chamber 18. 

Heat transfer surfaces 46 are provided in the heat transfer 
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chamber 18. Solid particles introduced into the bed 18 1 in 
chamber 18 are fluidized by fluidizing gas introduced 
through grid 48 and flown by overflow through heat transfer 
chamber outlet 50 , the outlet simultaneously forming 
5 reactor chamber inlet, opening into the lower part of the 
reactor chamber. Gases being discharged from the heat 
transfer chamber are simultaneously introduced into the 
reactor chamber. Also gases from the dilution chamber may 
be discharged through the same outlet if not discharged 
10 through a separate conduit. In steady state conditions 
material which enters the heat transfer chamber is 
discharged at the same rate through outlet 50. 

In FIG. 1 construction the volume of the solids in the 
15 dilution chamber is substantially constant, as determined 
by the upper end of the partition wall 38. Thus the delay 
time, i.e. the time it takes for solids to pass the 
dilution space, is strongly determined by the circulation 
rate of the reactor. Some controllability, in terms of 
20 dilution of the harmful impurities, can be provided 
according to the invention by varying the fluidizing gas 
flow rate and thereby the density of the bed in the 
dilution chamber, which influences the delay time of 
particles in the bed. 

25 

In the FIG. 1 embodiment it is possible to shut off 
fluidization in a part of the heat transfer chamber 18, 
whereby solid particles may flow directly from dilution 
chamber 16 on top of bed 18 1 to the opening 50. 

30 

FIG. 2 shows a dilution chamber 216 and heat transfer 
chamber 218 in a common housing 219 connected to an 
internal solid particle circulation in the lower part of a 
- fluidized bed reactor chamber 212. Solid particles are 
35 directly introduced through reactor chamber outlet 226 into 
the dilution chamber 216. In the embodiment shown in FIG. 
2 the rate of solids entering the dilution chamber depends 
on the hydrodynamics of the solid bed material within the 
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Solid particles flow downward in the dilution chamber and 
are discharged therefrom through an opening 234 in the 
5 lower part of a partition wall 238* Discharged solid 
particles are directly introduced on top of a bed of solid 
particles in the adjacent heat transfer chamber 218. An 
outlet opening 250 leads solid particles by overflow from 
the heat transfer chamber 218 to the lower part of the 
10 reactor chamber 212. 

FIG. 3 shows a schematic view of another embodiment of the 
present invention, according to which a dilution chamber 
316 is formed in a common housing 319 with the heat 

15 transfer chamber 318. The housing 319 is divided into an 
upper part and a lower part by a flow equalizer, i.e. a 
horizontal perforated plate 352. Heat transfer surfaces 346 
are provided in the lower part 318 of the housing in a bed 
318* of solid particles therein. The upper part forms a 

20 dilution zone. The flow equalizer 352 prevents 
substantially mixing of particles between the upper and 
lower zones, i.e. between dilution and heat transfer zones. 
The flow equalizer 352 also provides a steady solid 
particle flow from the dilution zone 316 to the heat 

25 transfer zone 318 and prevents dead zones from forming in 
the bed in the heat transfer chamber. The solid material is 
discharged from the heat transfer chamber through an 
opening 354 in the lowermost part of a partition wall 356 
into an adjacent vertical transport passage 358 in 

30 communication with the inlet 350 to the lower part of the 
reactor chamber. Means 360' for fluidizing the bed in the 
heat transport passage 358 lifts solid particles upward and 
assures the discharge of solid material from the heat 
- transfer chamber into the reactor chamber. The fluidizing 

35 gas introduced into the heat transfer chamber 318 flows 
through openings in the perforated plate 352 into the 
dilution chamber 316 there above, acting there as flushing 
gas. 
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Solid material is in FIG. 3 embodiment introduced through 
reactor chamber outlet opening 326 in the reactor chamber 
wall into the dilution chamber 316 and flows therefrom 
through the perforated plate 352 into the heat transfer 
5 chamber. The purpose of the perforated plate 352 is to 
dampen the highest amplitudes of the turbulent motion of 
the particles and to provide a substantially uniform flow 
of solids to the heat transfer chamber. 

10 The operation of the dilution chamber 316 is determined by 
solids flow rate through the opening 326 and the fluidizing 
gas flow velocities provided by means 360 and 360'. The 
level of solids in channel 358 is always to the edge of the 
opening 350, but by decreasing the fluidization rate in 

15 channel 358, the density of solids therein is increased. 
Then also the volume of solids in dilution chamber 316 and 
the delay time therein are increased. The reason for this 
is that the hydrostatic pressure of solids in chambers 318 
and 316 is always in balance with that of the solids in 

20 channel 358. By increasing the fluidization rate in 
dilution chamber 316, the level of solids therein is 
correspondingly increased, but the delay time is not 
increased, because the density of the solids in the 
dilution chamber is simultaneously decreased. However, said 

25 increase of fluidization has a positive effect to the 
operation of the dilution chamber by enhancing the flushing 
of the detrimental impurities therefrom. 

The delay time T decreases with the increase of solids flow 
30 rates through the opening 326. However, due to frictional 
effects, the level of solids in the dilution chamber starts 
then becoming higher than in equilibrium, balancing thus to 
some extent the decrease of T. Eventually there is a 
- maximum flow rate through channel 358, and with the highest 
35 input flow rates the dilution chamber fills up. Thus the 
construction illustrated in FIG. 3 provides a self 
balancing delay time with a lower limit. 
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The embodiment shown in FIG* 3 may alternatively be 
realized in a horizontal housing divided by a vertical 
perforated plate into two horizontally adjacent chambers, 
a dilution chamber and a heat transfer chamber. 

5 

FIG* 4 is still another schematic view the a lower part of 
a circulating fluidized bed reactor chamber 412 with a 
housing 419, having a dilution chamber 416 and heat 
transfer chamber 418, connected adjacently thereto. The 
10 dilution chamber 416 is disposed above the heat transfer 
chamber 418 in the common housing 419. Solid material is 
entered to the dilution chamber 416 by a return duct 432, 
which has a gas seal 462 in its lower part. 

15 The FIG. 4 system may be operated so, that the dilution 
chamber 416 is full, i.e. filled to the edge of an opening 
464 in its upper part, said opening allowing solid 
particles to flow therethrough into the reactor chamber 
412. On the bottom of the dilution chamber 416 there are 

20 means 436 for providing flushing gas, which flows through 
the bed of solid particles in the dilution chamber, and 
through opening 464 to the reactor chamber. In the dilution 
chamber there are also means 466 for providing fluidizing 
gas to an outlet channel 468, for discharging solid 

25 particles at a controlled velocity from the dilution 
chamber and leading said particles towards an inlet 444 to 
the heat transfer chamber 418. 

By means of the fluidizing gas provided by means 466 a 
30 controllable amount of solid particles are discharged 
through the outlet channel 468 over a weir 470 to a second 
channel 472 which leads the solid particles to the heat 
transfer chamber 418. The height of the weir 470 is 
~ preferably such that without fluidizing gas no solids are 
35 discharged from the first channel 468 to the second channel 
472. The heat transfer chamber comprises heat transfer 
surfaces 446 and means 448 to provide fluidizing gas to 
assure the discharge of solid material from the heat 
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transfer chamber through opening 450 into the reactor 
chamber * 



As described above, the rate of discharging particles from 
5 the dilution chamber in this system determines the flow 
rate Q m * Because Q m is thus controllable and the volume of 
solids in the dilution space is constant, Figure 4 shows a 
system with controllable delay time. 



10 While the present invention has been described in detail, 
including preferred embodiments thereof, it is to be 
understood that various modifications are possible within 
the scope and spirit of the present invention. Thus it is 
possible to combine embodiments shown above and introduce 

15 solid particles from an external solid particle 
circulation, via a return duct, and/or directly from the 
reactor chamber from the internal solid particle 
circulation therein, to the dilution chamber. At high load 
solid particles may be introduced solely or mainly through 

20 the return duct, and outlet openings at lower levels in the 
reactor chamber may function as openings for recycling 
countercurrently by overflow superfluously discharged solid 
material back into the reactor chamber. At low load 
conditions solid particles may be introduced solely or 

25 mainly from the internal circulation through outlet 
openings at lower levels in the reactor chamber walls. 
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What is claimed is: 

1 . A method of decreasing attack of detrimental components 
of solid particle suspensions on heat transfer surfaces in 
5 heat transfer chambers in fluidized bed reactors, 
including : 

- a reactor chamber (12), such as a processing chamber or 
a combustion chamber, having a bed of solid particles 
therein, means for fluidizing said bed of solid particles, 

10 a reactor chamber outlet (26) and a reactor chamber inlet 
(50) , and 

- a heat transfer chamber (18) having a bed of solid 
particles therein, means (48) for fluidizing said bed of 
particles, heat transfer surfaces (46) at least partly in 

15 contact with said bed of solid particles, a heat transfer 
chamber inlet (44) connected to said reactor chamber outlet 
(26) and a heat transfer chamber outlet (50) for solid 
particles connected to the reactor chamber inlet, 
the method being characterized by 

20 - discharging solid particles from said reactor chamber 
through said reactor chamber outlet (26) ; 

introducing said discharged solid particles into a 
dilution chamber (16) , having a bed of solid particles 
(16 1 ) therein; 

25 - inactivating in and/or separating from the bed of solid 
particles (16') in said dilution chamber, impurities 
detrimental to heat transfer surfaces; 

- discharging solid particles from said dilution chamber 
through a dilution chamber outlet (40) therein; 

30 - introducing solid particles discharged from said dilution 
chamber into said heat transfer chamber (18) through said 
heat transfer chamber inlet (44) , 

- discharging said solid particles from said heat transfer 
-chamber (18) through said heat transfer chamber outlet (50) 

35 and 

recycling solid particles discharged from said heat 
transfer chamber (18) to said reactor chamber (12) through 
said reactor chamber inlet (50) . 
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2. The method defined in claim l, character ized in that the 
flushing gas is introduced into at least a portion of the 
dilution chamber for flushing off detrimental gaseous 
products from the bed of solid particles therein. 

5 

3. The method defined in claim 2, characterized in that the 
flushing gas is an oxygen- containing gas, such as air, 
providing oxidizing reactions in the dilution chamber. 

10 4. The method defined in claim 2, characterized in that the 
flushing gas is a fluidizing gas fluidizing the bed of 
solid particles in the dilution chamber. 

5. The method defined in claim 1, characterized in that the 
15 delay time for solid particles flowing from the reactor 

chamber outlet through the dilution chamber to the heat 
transfer chamber inlet is controlled, for providing enough 
time for separating impurities from and/or inactivating 
impurities in the solid particles flowing from the reactor 
20 chamber to the heat transfer chamber. 

6. The method defined in claim 5, characterized in that the 
delay time for solid particles flowing from the reactor 
chamber outlet through the dilution chamber to the heat 

25 transfer chamber inlet is controlled by controlling delay 
time for solid particles in the dilution chamber. 

7. The method defined in claim 6 f characterized in that the 
delay time is controlled by controlling the density of the 

30 bed of solid particles in the dilution chamber. 

8. The method defined in claim 6, characterized in that the 
delay time is controlled by controlling the volume of the 

~ bed of solid particles in the dilution chamber. 
35 

9. The method defined in claim 1, characterized in that a 
flushing gas inactivating corrosive components in solid 
particle flow from the reactor chamber outlet (26) to the 
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heat transfer chamber inlet (44) is introduced into the 
dilution chamber (16) . 



10. The method defined in claim 1, characterized in that 
5 solid particles are 

- introduced on top of the bed of solid particles in the 
dilution chamber (216) through a dilution chamber inlet 
(226) disposed in the upper part of the dilution chamber, 
and 

10 - discharged from said bed of solid particles in the 
dilution chamber through a dilution chamber outlet (234) 
disposed in the lower part of the dilution chamber. 

11. The method defined in claim 1, characterized in that 
15 solid particles are 

- introduced into the bed of solid particles in the 
dilution chamber (16) through a dilution chamber inlet (34) 
disposed in the lower part of the dilution chamber, and 

- discharged from said bed of solid particles in the 
20 dilution chamber through a dilution chamber outlet (40) 

disposed in the upper part of the dilution chamber. 



12. The method defined in claim 1, characterized in that 
solid particles are discharged from the reactor chamber on 
25 top of a fluidized bed of particles in a first zone of a 
housing (319) being divided by a perforated plate (352) 
into first (316) and second zones (318) , said second zone 
having heat transfer surfaces (346) therein. 

30 13. The method defined in claim 5, characterized in that 
the delay time of solid particles in the dilution chamber 
is > 2 seconds, preferably 2-15 seconds. 

~ 14. An apparatus for decreasing attack of detrimental 
35 components of solid particle suspensions on heat transfer 
surfaces in heat transfer chambers in fluidized bed 
reactors, said fluidized bed reactor comprising: 
- a reactor chamber (12) , such as a processing chamber or 
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a combustion chamber, having a bed of solid particles 
therein, means for fluidizing said bed of solid particles, 
a reactor chamber outlet (26) and a reactor chamber inlet 
(50) , and 

5 - a heat transfer chamber (18) having a bed of solid 
particles therein, means for fluidizing said bed of 
particles, heat transfer surfaces (46) at least partly in 
contact with said bed of solid particles, a heat transfer 
chamber inlet (44) connected to said reactor chamber outlet 
10 and a heat transfer chamber outlet (50) for solid particles 
connected to the reactor chamber inlet, characterized by 
the apparatus further comprising a dilution chamber (16) , 
having 

- a bed of solid particles (16») therein, 

15 - means (36) for inactivating impurities, detrimental to 
heat transfer surfaces, in said bed of solid particles in 
the dilution chamber, and/or separating impurities 
therefrom; 

- a dilution chamber inlet (34), in fluid communication 
20 with said reactor chamber outlet (26) for introducing solid 

particles from the reactor chamber into said dilution 
chamber , and 

- a dilution chamber outlet (40) , in fluid communication 
with said heat transfer chamber inlet (34) , for introducing 

25 solid particles from said dilution chamber into said heat 
transfer chamber (18) . 

15. An apparatus as defined in claim 14, characterized in 
that said dilution chamber further comprises means for 

30 controlling delay time of solid particles therein. 

16. An apparatus as defined in claim 15, characte rized in 
that the means for controlling delay time in the dilution 

~ chamber includes means for controlling the fluidization of 
35 the bed of solid particles in the dilution chamber, for 
controlling the density of solid particles in said bed. 



17. An apparatus as defined in claim 15, charact erized in 
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that the means for controlling delay time in the dilution 
chamber includes means for controlling the volume of the 
bed of solid particles in the dilution chamber. 

5 18. An apparatus as defined in claim 14, characterized in 
that the dilution chamber and the heat transfer chamber are 
provided in a common housing (19) having a partition wall 
(38) separating said dilution chamber (16) from said heat 
transfer chamber (18) . 

10 

19. An apparatus as defined in claim 18, characterized in 
that the partition wall (38) provides a vertical weir 
allowing solid particles to flow there over from the 
dilution chamber (16) to the heat transfer chamber (18) . 

15 

20. An apparatus as defined in claim 14, characterized in 
that the dilution chamber (316) and the heat transfer 
chamber (318) are provided on top of each other in a common 
housing (319) divided by a horizontal perforated plate 

20 (352) into two chambers. 

21. An apparatus as defined in claim 14, characterized in 
that the dilution chamber and the heat transfer chamber are 
provided adjacently in a common housing divided by a 

25 vertical perforated plate into two chambers. 

22. An apparatus as defined in claim 14, characterized in 
that the direction of flow of solid particles in the 
dilution chamber (16) is from the bottom thereof towards 

30 the top thereof. 

23. An apparatus as defined in claim 14, characterized in 
that the direction of flow of solid particles in the 

~ dilution chamber (216) is from the top thereof towards the 
35 bottom thereof. 



24. An apparatus as defined in claim 14, characterized in 
that the direction of flow of solid particles in the heat 
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transfer chamber (18, 218, 418) is from the bottom thereof 
towards the top thereof. 



25. An apparatus as defined in claim 14, characterized in 
5 that the direction of flow of solid particles in the heat 

transfer chamber (318) is from the top thereof towards the 
bottom thereof. 

26. An apparatus as defined in claim 14, characterized in 
10 that 

- a transport chamber (472) is disposed between the 
dilution chamber (416) and the heat transfer chamber (418) , 

- the wall (470) between the dilution chamber and the 
transport chamber forming a weir allowing solid particles 

15 to flow from top of the dilution chamber over the wall into 
the upper part of the transport chamber, and 

- the wall (470) between the transport chamber and the heat 
transfer chamber having at least one opening (444) in the 
lower part thereof, forming the dilution chamber outlet and 

20 the heat transfer chamber inlet, for allowing solid 
particles to flow from the lower part of the transfer 
chamber to the lower part of the heat transfer chamber. 

27. An apparatus as defined in claim 14, characterized in 
25 that the heat transfer chamber (18, 218) is disposed 

adjacent to the lower part of the reactor chamber and 
having a common wall portion therewith, and 

- said common wall portion having an opening (50, 250) , 
forming the heat transfer chamber outlet and the reactor 

30 chamber inlet, allowing solid particles to flow from said 
heat transfer chamber to the reactor chamber. 



28. An apparatus as defined in claim 27, characterized in 
" that -said opening (50, 250) in said common wall portion is 
35 disposed at a level providing solid particles to flow by 
overflow from the top of the bed of solid particles in the 
heat transfer chamber into the reactor chamber. 
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29. An apparatus as defined in claim 14, characterized in 
that a vertical transport conduit (358) is disposed between 
the heat transfer chamber outlet (354) and the reactor 
chamber inlet (350) in the lower part of thereof, for 

5 transporting solid particles from the heat transfer chamber 
into the reactor chamber. 

30. An apparatus as defined in claim 14, characterized in 
that the apparatus includes means (226, 326, 464) for 

10 discharging flushing gas from the dilution chamber to the 
reactor chamber. 
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AMENDED CLAIMS 

[received by the International Bureau on 3 November 1997 (03.11.97); 
original claims 1-30 replaced by amended claims 1-23 (6 pages)] 

l. A method of decreasing attack of detrimental components 
of solid particle suspensions on heat transfer surfaces in 
5 a heat transfer chamber in a fluidized bed reactor, the 
reactor including 

- a reactor chamber (212, 312, 412), such as a processing 
chamber or a combustion chamber , having a bed of solid 
particles therein, means for fluidizing said bed of solid 

10 particles, a reactor chamber outlet (226, 326) and a 
reactor chamber inlet (250, 3 50, 4 50) , 

- a first chamber (216, 316, 416), in communication with 
said reactor chamber outlet and having a bed of solid 
particles therein ; 

15 - a heat transfer chamber (218, 318, 418) having a bed of 
solid particles therein, means for fluidizing said bed of 
solid particles, heat transfer surfaces (246, 346, 446) at 
least partly in contact with said bed of solid particles, 
a heat transfer chamber inlet and a heat transfer chamber 

20 outlet connected to the reactor chamber inlet, 
whereby in the fluidized bed reactor 

- solid particles are discharged from the reactor chamber 
through said reactor chamber outlet (226, 326) and 
introducced into the first chamber, 

25 - solid particles are introduced from the first chamber 
into the heat transfer chamber, and 

- solid particles are recyclced from the heat transfer 
chamber through the reactor chamber inlet (250, 350, 450) 
into the reactor chamber; 

30 the method being characterized by 

- introducing said solid particles into the first chamber, 
which is a dilution chamber, on top of the bed of solid 
particles therein through a dilution chamber inlet disposed 
in the upper part of the dilution chamber, and discharging 

35- solid ■ particles from said dilution chamber through an 
outlet disposed in the lower part thereof, and 

- introducing a flushing gas into at least a portion of the 
dilution chamber for inactivating in and/or separating from 
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the bed of solid particles in said dilution chamber, 
impurities detrimental to heat transfer surfaces. 

2. The method defined in claim l r characterized in that the 
5 flushing gas is an oxygen-containing gas, such as air, 

providing oxidizing reactions in the dilution chamber. 

3 . The method defined in claim 1 , characterized in that the 
flushing gae is a fluidizing gas fluidizing the bed of 

10 solid particles in the dilution chamber. 

4- The method defined in claim 1, characterized in that 
the delay time for solid particles flowing from the reactor 
chamber outlet through the dilution chamber to the heat 
IS transfer chamber inlet is controlled by controlling the 
delay time for solid particles in the dilution chamber, for 
providing enough time for separating impurities from and/or 
inactivating impurities in the solid particles flowing from 
the reactor chamber to the heat transfer chamber. 

20 

5. The method defined in claim 4, characterized in that the 
delay time is controlled by controlling the density of the 
bed of solid particles in the dilution chamber. 

25 6. The method defined in claim 4, characterized in that the 
delay time is controlled by controlling the volume of the 
bed of solid particles in the dilution chamber. 

7. The method defined in claim 1, characterized in that a 
30 flushing gas inactivating corrosive components in solid 
particle flow from the reactor chamber outlet to the heat 
transfer chamber inlet is introduced into the dilution 
chamber . 

35 8. The method defined in claim 1, characterized in that 
solid particles discharged from the reactor chamber are 
introduced on top of a fluidized bed of particles in a 
first zone of a housing (319) being divided by a perforated 
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plate (352) into a first zone (316), providing a dilution 
chamber, and a second zone (318) , providing a heat transfer 
chamber - 

5 9. The method defined in claim l, characterized in that the 
delay time of solid particles in the dilution chamber is > 
2 seconds, preferably 2-15 seconds. 

10. The method defined in claim 1, characterized in that 
10 the direction of flow of solid particles in the dilution 

chamber (216, 316, 416) is from the top thereof towards the 
bottom thereof. 

11. The method defined in claim 1, characterized in that 
15 the direction of flow of solid particles in the heat 

transfer chamber (218, 418) is from the bottom thereof 
towards the top thereof. 

12- The method defined in claim 1, characterized in that 
20 the direction of flow of solid particles in the heat 
transfer chamber (318) is from the top thereof towards the 
bottom thereof. 

13, An apparatus for decreasing attack of detrimental 
25 components of solid particle suspensions on heat transfer 
surfaces in a heat transfer chamber in a fluidized bod 
reactor, said fluidized bed reactor including: 

- a reactor chamber (212, 312, 412) , such as a processing 
chamber or a combustion chamber, having a bed of solid 

30 particles therein, means for fluidizing said bed of solid 
particles, a reactor chamber outlet (226, 326) and a 
reactor chamber inlet (250, 350, 450) , 

- a first chamber (216, 316, 416) f in communication with 
said reactor chamber outlet and having a bed of solid 

35~ particles therein; 

- a heat transfer chamber (218, 318, 418) having a bed of 
solid particles therein, means for fluidizing said bed of 
solid particles , heat transfer surfaces (246, 346, 446) at 
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least partly in contact with said bed of solid particles, 
a heat transfer chamber inlet in communication with said 
first chamber and a heat transfer chamber outlet connected 
to the reactor chamber inlet, 
5 characterized bv 

the first chamber being a dilution chamber (16), having 

- a dilution chamber inlet for solid particles in the upper 
part thereof ; 

- an outlet for solid particles in the lower part thereof, 
10 and 

- means for introducing flushing gas into at least a 
portion of the dilution chamber for inactivating in and/or 
separating from the bed of solid particles in said dilution 
chamber, impurities detrimental to heat transfer surfaces. 

15 

14- An apparatus as defined in claim 13, characterized irj 
that the apparatus comprises means for controlling the 
delay time for solid particles flowing from the reactor 
chamber outlet through the dilution chamber to the heat 
20 transfer chamber inlet by controlling the delay time for 
solid particles in the dilution chamber, for providing 
enough time for separating impurities from and /or 
inactivating impurities in the solid particles flowing from 
the reactor chamber to the heat transfer chamber. 

25 

15. An apparatus as defined in claim 14, characterized in 
that the means for controlling delay time in the dilution 
chamber includes means for controlling the fluidization of 
the bed of solid particles in the dilution chamber, for 

30 controlling the density of solid particles in said bed. 

16. An apparatus as defined in claim 14, characterized in 
5hftt the means for controlling delay time in the dilution 
chamber includes means for controlling the volume of the 

35.-. bed of solid particles in the dilution chamber • 

17. An apparatus as defined in claim 13, characterized in 
that the dilution chamber and the heat transfer chamber are 
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provided in a common housing having a partition wall (238, 
358) separating said dilution chamber from said heat 
transfer chamber. 

5 18. An apparatus as defined in claim 13, characterized 
that the dilution chamber (316) and the heat transfer 
chamber (318) are provided on top of each other in a common 
housing (319) divided by a horizontal perforated plate 
(352) into two chambers. 

10 

19 An apparatus as defined in claim 13 , characterized in 
that 

- a transport chamber (472) is disposed between the 
dilution chamber (416) and the heat transfer chamber (418) , 

15 - the wall (470) between the dilution chamber and the 
transport chamber allows solid particles to flow into the 
upper part of the transport chamber, and 

- the wall (470) between the transport chamber and the heat 
transfer chamber having at least one opening (444) in the 

20 lower part thereof, forming the heat transfer chamber 
inlet f for allowing solid particles to flow from the lower 
part of the transfer chamber to the lower part of the heat 
transfer chamber. 

25 20. An apparatus as defined in claim 13, characterized in 
that the heat transfer chamber (218) is disposed adjacent 
to the lower part of the reactor chamber and having a 
common wall portion therewith, and 

- said common wall portion having an opening (250) , forming 
3 0 the heat transfer chamber outlet and the reactor chamber 

inlet, allowing solid particles to flow from said heat 
transfer chamber to the reactor chamber. 

21. An apparatus as defined in claim 20, characterized in 
35_ £Jjfi£ , said opening (250) in said common wall portion is 
disposed at a level providing solid particles to flow by 
overflow from the top of the bed of solid particles in the 
heat transfer chamber into the reactor chamber* 
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22- An apparatus as defined in claim 13 , characterized ± n 
that; a vertical transport conduit (358) is disposed between 
the heat transfer chamber outlet (354) and the reactor 
chamber inlet (350) in the lower part of thereof, for 
5 transporting solid particles from the heat transfer chamber 
into the reactor chamber. 

23. An apparatus as defined in claim 13, characterized in 
that the apparatus includes means (226, 326, 464) for 
10 discharging flushing gas from the dilution chamber to the 
reactor chamber * 



AMENDED SHEET (ARTICLE 19) 



WO 97/46829 



PCT/FI97/00349 



1/4 

10 



26 




FIG. 1 



WO 97/46829 



2/4 



PCT/FI97/00349 




FIG. 2 



WO 97/46829 



3/4 



PCTYFI97/00349 




FIG. 3 



PCT/FI97/00349 




FIG.4 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 97/00349 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: F22B 31/00, F23C 11/02, B01J 8/26 . . 

According lo International Patent Classification (IPC) or to both national classification and [PC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 



IPC6: B01J, F22B, F23C, F23G 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



SE.DK^I^NO classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant lo claim No. 


X 


US 4684375 A (M0RIN ET AL), 4 August 1987 

(04.08.87), column 3, line 45 - column 5, line 19, 
figure 1 


1-9,13-19,25 


X 


WO 9427717 Al (A. AHLSTROM CORPORATION), 

8 December 1994 (08.12.94), figures 1-5, 
abstract 


1-9,11, 
14-19,21,22, 

27,28,30 


X 


US 4709662 A (RAWD0N), 1 December 1987 (01.12.87), 
figures 1,2 


1-4,14,18, 
19,25,30 


X 


US 5140950 A2 (ABDULALLY), 25 August 1992 
(25.08.92), figure 1 


14-18,21,24, 
29,30 



| X| Further documents are listed in the continuation of Box C. | )(| See patent family annex. 



* Special categories of cited documents: 

'A" document defining the general itate of the art which is not considered 

to be of particular relevance 
"E* crlier document but published on or alter die international filing date 

"L* document which may throw doubli on priority daim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or other 
means 

"P* document-published prior to the international filing date but later than 
the priority date claimed 



*T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 



document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such comfai nation 
being obvious to a person skilled in the art 

*&' document member of the same patent family 



Date of the actual completion of the international search 

15 Sent 1997 


Date of mailing of the international search report 

1 6 -09- wot 


Name and mailing address of the ISA/ 

Swedish Patent Office 

Box 5055. S-102 42 STOCKHOLM 

Facsimile No. +46 8 666 02 86 


Authorized officer 

Anders Bruun 

Telephone No. + 46 8 782 25 00 



Form PCT/IS A/210 (second sheet) (July 1992) 



} 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 97/00349 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation or document, with indication, where appropriate, or the relevant passages 



Relevant to claim No. 



US 5308585 A (STR8DER ET AL), 3 May 1994 
(03.05.94), figures 2,3 



US 4469050 A (KORENBERG), 4 Sept 1984 (04.09.84), 
figures 2A,4 



US 4813479 A (WAHLGREN), 21 March 1989 (21.03.89), 
figure 1, abstract 



EP 0193205 A2 (THE M.W. KELLOGG COMPANY), 
3 Sept 1986 (03.09.86) 



WO 9605469 Al (A. AHLSTR0M CORPORATION), 

22 February 1996 (22.02.96), figures 1,3,5 



14-19,22 



14-17,22,27, 
28,30 



14,18,19,22, 
30 



29 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 




International application No. 








01/09/97 


PCT/FI 


97/00349 


Patent document 


Publication 




Patent family 




Publication 


cited in search report 


dale 




member(s) 




date 


US 4684375 A 


04/08/87 


BR 


8501885 


A 


17/12/85 




DE 


3561415 


A 


18/02/88 






EP 


0161970 A,B 


21/11/85 






SE 


0161970 


T3 








FR 


2563118 A,B 


25/10/85 






IN 


163947 


A 

J 1 


10/12/88 


WO y4Z//l/ Al 


no /I 9 /OA 
Uo/ l£/ :74 


AT 




T 
i 


15/09/96 




PA 




A 

r\ 


26/05/94 






PA 




A 

n 


08/12/94 








1088479 


A 


29/06/94 




• 




1137243 


A 


04/12/96 






UL 


69304548 


D T 


13/02/97 








69404651 


D 


00/00/00 

\d\M g ww/ ww 






FP 


0667832 


A,B 


23/08/95 






SF 


0667832 


T3 








rp 

tr 


0682761 


A 


22/11/95 






FP 


0700316 


A,B 


13/03/96 






FS 


2093990 


T 


01/01/97 






FT 


952156 


A 


06/07/95 






FT 


952193 


A 


10/05/95 






FI 

f X 


955659 


A 


24/11/95 






JP 

or 


8503291 


T 


09/04/96 






jp 


8504360 


T 


14/05/96 






jp 


8510409 


T 


05/11/96 






PL 


311739 


A 


18/03/96 






US 


5406914 


A 


18/04/95 






us 


5540894 


A 


30/07/96 






wo 


9411284 


A 


26/05/94 






wo 


9411672 


A 


26/05/94 


US 4709662 A 


01/12/87 


NONE 






US 5140950 A2 


25/08/92 


CA 


2067688 A 


16/11/92 






EP 


0518482 A,B 


16/12/92 






JP 


5133505 


A 


28/05/93 





Form PCT/ISA/210 (patent family annex) (July 1992) 



INTERNATIONAL SEARCH REPORT 

01/09/97 


International application No. 

PCT/FI 97/00349 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
dale 



US 5308585 A 



03/05/94 



AU 655699 B 

AU 3106293 A 

0E 4200244 A 

DE 59201416 D 

EP 0550923 A,B 

SE 0550923 T3 

JP 5280879 A 

SK 379592 A 



05/01/95 
15/07/93 
15/07/93 
00/00/00 
14/07/93 

29/10/93 
08/03/95 



US 4469050 A 04/09/84 AU 565591 B 24/09/87 

AU 9158182 A 30/06/83 

CA 1190384 A 16/07/85 

EP 0082673 A,B 29/06/83 

JP 58156341 A 17/09/83 

US 4548138 A 22/10/85 



US 4813479 A 21/03/89 DE 3741935 A,C 16/06/88 

SE 455726 B,C 01/08/88 
SE 8605319 A 12/06/88 



EP 0193205 A2 



03/09/86 



SE 


0193205 


T3 




AU 


570905 


B 


24/03/88 


AU 


5338086 


A 


04/09/86 


BR 


8600909 


A 


11/11/86 


CA 


1252632 


A 


18/04/89 


CN 


1005866 


B 


22/11/89 


EG 


17736 


A 


30/06/91 


IN 


165953 


A 


17/02/90 


JP 


61213407 


A 


22/09/86 


KR 


9410029 


B 


20/10/94 


SU 


1438626 


A 


15/11/88 


US 


4579070 


A 


01/04/86 



W0 9605469 Al 


22/02/96 


AU 


3224995 A 


07/03/96 






CA 


2197198 A 


22/02/96 






EP 


0776442 A 


04/06/97 






FI 


970652 A 


17/02/97 






IL 


114988 D 


00/00/00 






PL 


318656 A 


07/07/97 






US 


5533471 A 


09/07/96 



Form PCT/ISA/210 (patent family annex) (July 1992) 



